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Brief periods of hyperphagia cause renal injury in the obese considered to be hemodynamically mediated because in
Zucker rat. obese males, mean arterial pressure, single nephron glo-
Background. Female obese ( fa/fa) Zucker rats are maxi- merular filtration rate, and glomerular capillary pressuremally hyperphagic from the beginning of access to solid food
at 9 to 13 weeks of age are not different from lean males,until 20 weeks of age and die primarily from renal failure. We
which have normal renal structure and function [2]. Glo-documented that urinary albumin excretion (UAE) rises early
in obese rats during this time of greatest hyperphagia. This merular damage has been induced by a lipid-rich diet [3]
study was conducted to examine if this early surge of hyperpha- and prevented by treatment with lipid-lowering drugs [4].
gia is critical to the initiation of glomerular damage.
Thus, the glomerular injury in this model is consideredMethods. Three groups of six-week-old rats were used: (a)
to be lipid induced. In female obese Zucker rats as well,obese females fed ad libitum (AL-obese), (b) obese females
pair fed to lean controls until 21 weeks and then allowed to blood pressure has been reported to be the same as lean
eat ad libitum until 57 weeks (PF.AL-obese), (c) lean (Fa/Fa) rats at about 12 weeks of age [5, 6]. Previous work in
Zucker rats fed ad libitum (AL-lean). Cohorts of AL-obese our laboratory showed that prevention of hyperphagiaand PF.AL-obese rats were allowed to continue to death or
by pair feeding obese Zucker rats to lean littermates57 weeks of age, and the rest were terminated at 21 weeks for
reduced the mortality attributable to renal failure [7].renal histology.
Results. At 21 weeks, neither PF.AL-obese nor AL-lean rats This effect was particularly robust in obese females, where
had elevated UAE or glomerular histopathology. In contrast, food restriction by pair feeding to lean rats reduced death
glomerular injury was severe in AL-obese rats. UAE increased
caused by renal failure from 93.3% to only 48.8%. Also,by 10 and 29 weeks in AL- and PF.AL-obese rats, respectively.
the median lifespan of pair-fed obese females was ex-Plasma triglycerides increased prior to UAE in both PF.AL-
and AL-obese rats. tended by 47%. In contrast, only 11.1% of lean female
Conclusions. In obese rats fed ad libitum, hyperphagia is Zucker rats died of end-stage renal disease. These results
followed within a few weeks by hypertriglyceridemia and then suggested that the female obese Zucker rat would beby glomerular injury regardless of when ad libitum feeding is
valuable as a sensitive model to examine the effects ofinitiated. These events do not occur in lean rats or in obese
overeating on the development of renal disease.rats pair fed to lean rats. Protective effects of pair feeding did
not extend into the period of ad libitum feeding for PF.AL- Food restriction reduces plasma triglycerides in the
obese rats. Hyperphagia quickly initiates glomerular injury in rat [8], and hyperlipidemia has been proposed to play a
obese female Zucker rats.
role in the initiation and progression of glomerulosclero-
sis that is similar to the role it plays in atherosclerosis
[9, 10]. The female obese Zucker rat is hyperlipidemic,
The obese Zucker rat is used as a model of spontane- with greatly elevated plasma triglyceride levels and only
ous glomerulosclerosis [1]. The glomerulosclerosis is not
mildly elevated cholesterol beginning as early as four
weeks of age [11, 12]. A marked rise in very low-density
lipoproteins precedes the renal functional and structuralKey words: albuminuria, nutrition, nephrotic syndrome, glomerulo-
sclerosis, lipids, obesity, mesangial expansion. damage, similar to that seen in humans with non-insulin-
dependent diabetes mellitus (NIDDM) [11]. We there-
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via reduction of plasma triglycerides. Thus, we moni- between 800 and 1000 hours. Body weights for obese
rats were measured twice a week throughout the study.tored the effects of pair feeding on plasma cholesterol
and triglyceride levels, as well as glomerular lipid deposi- Food cups for obese rats were removed, weighed, and
refilled twice a week for all ad libitum-fed rats and dailytion during the course of spontaneous renal disease de-
velopment in female obese Zucker rats. Urinary albumin during the period of restriction for PF.AL-obese. Food
intake was determined from the difference in weight ofexcretion (UAE) was used as an indicator of glomerular
functional damage, and microscopy was used to charac- food cups minus spillage. Pair feeding was achieved daily
by feeding the PF.AL-obese rats daily one seventh ofterize structural damage.
Hyperphagia in obese female Zucker rats is most pro- the weekly average amount eaten by lean (Fa/Fa) female
Zucker rats of the same age. Food intake data for leannounced during growth. To determine if this period of
up to 21 weeks of age is critical to renal damage, we rats (g/day) were provided from the group of 45 lean
female Zucker rats eating the same diet in a previousused groups that were fed ad libitum from weaning or
pair fed to 21 weeks and then allowed to eat ad libitum. study so that these groups could be run in parallel [7].
If hyperphagia during growth is more critical than that
Plasma triglycerides and cholesteroloccurring later, then this would be reflected by greater
UAE in AL-obese than PF.AL-obese rats. In addition, One half of a milliliter of blood was collected in hepa-
rinized capillary tubes from each rat by tail bleed afterif hypertriglyceridemia is a consequence of hyperphagia
and is involved in disease initiation, then it would be an overnight fast at 10, 15, and 20 weeks of age for 10
AL-obese and 10 PF.AL-obese rats, at 20 weeks for AL-present in both groups following hyperphagia but prior
to a rise in UAE. lean rats, and at 10, 20, 25, 29, 33, 37, 41, 47, 51, and 55
weeks of age for 5 PF.AL-obese and 5 AL-obese rats.
Plasma was removed from the centrifuged blood and
METHODS
stored at 2858C until assayed. Plasma triglyceride and
Experimental animals cholesterol levels were determined using enzymatic colori-
metric kits from Sigma Chemical Co. (St. Louis, MO, USA).Thirty obese ( fa/fa) and eight lean (Fa/Fa) female
Zucker rats were started on the study at six weeks of
Urinary and plasma albuminage. Rats were housed individually in suspended wire
mesh cages and had free access to water. The light cycle One day before every blood collection, animals were
put in stainless steel metabolic cages. Water was avail-was on at 7 a.m. and off at 7 p.m. Three groups of rats
were studied. One group of obese females was allowed able freely, as was food, moistened to minimize spillage,
except for the PF.AL-obese group, which was given onlyto eat ad libitum (AL-obese) from 6 to 57 weeks or until
death (N 5 15). A second group of obese females was its prescribed amount of food. Urine was collected for
24 hours in flasks containing three drops of a 10% sodiumpair fed to lean rats from 6 to 21 weeks of age and was
then allowed to eat ad libitum to 57 weeks or until death azide solution to inhibit bacterial growth. Urine volumes
were measured, and albumin concentration was deter-(PF.AL-obese, N 5 15). The third group was lean female
Zucker rats fed ad libitum (AL-lean) from 6 to 21 weeks mined by electroimmunodiffusion using rabbit anti-rat
albumin as previously described [15] to calculate the 24-(N 5 8). Ten AL-obese, 10 PF.AL-obese, and all AL-
leans were killed at 21 weeks of age for renal histology. hour UAE. At 29 weeks of age, plasma samples were
ultracentrifuged to remove lipids, and the albumin con-The inclusion of these latter two groups allowed us to
establish the effect of food restriction (pair feeding) on centration in the lipid-free fraction was determined. Al-
bumin clearance was calculated from plasma albuminprevention of renal injury at the time of initiation of ad
libitum feeding. In the PF.AL-obese group, one rat died and UAE data.
at 45 weeks. Three rats died in the AL-obese group at
Renal histologythe 34th, 50th, and 57th week. Data taken in the two
weeks prior to death were omitted for these rats. Histology was performed on kidneys from 10 AL-
obese, 9 PF.AL-obese, and 8 AL-lean rats killed at 21
Diet weeks of age. Following exsanguination under anesthe-
sia, rats were infused via the abdominal aorta with phos-All groups were fed a soy protein-based diet (20% wt/
wt), which was shown to minimize diet-induced nephrop- phate-buffered saline (0.1 m PBS, pH 7.4) containing 6%
sucrose and 500 U heparin/liter for a sufficient time toathy and was previously used in our work [7, 13, 14].
The diet of the PF.AL-obese rats during the period of blanch the kidneys. A polar region was removed for histo-
chemistry and was flash frozen in liquid nitrogen. A 0.05%restriction was vitamin enriched relative to that of ad
libitum-fed animals, with the weight of the vitamin mix glutaraldehyde/4% paraformaldehyde in PBS fixative
was then perfused for one minute or until the kidneysbeing increased from 2.0 to 3.33% of the diet. The min-
eral content was unchanged. Food cups were changed became rigid. The fixative was removed by reperfusion
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Fig. 2. Average daily food intake for ad libitum-fed obese (d; AL-Fig. 1. Average body weights for ad libitum-fed obese (d; AL-obese)
obese) and obese pair-fed to lean up to 21 weeks of age and then adand obese pair-fed to lean up to 21 weeks of age and then ad libitum-fed
libitum-fed to 57 weeks (e; PF.AL-obese) female Zucker rats. Datato 57 weeks (e; PF.AL-obese) female Zucker rats. Data are mean 6 se.
are mean 6 se.
with the PBS/sucrose/heparin solution. Fixed tissue was
multiple comparisons when differences were detected.then processed in glycol methacrylate for light micros-
Differences were considered statistically significant atcopy as described [16]. Sections were stained by the peri-
P # 0.05.odic acid-Schiff technique. Glomeruli were scored by the
method of Raij, Azar, and Keane, as previously reported
[17]. Thirty to 40 glomeruli were scored from each kidney RESULTS
for three variables: focal and segmental glomerulosclero- Body weight and food intake
sis (FGS), mesangial matrix expansion (MME), and vis-
Average weights of ad libitum and pair-fed obese ratsceral epithelial cell adhesion formation to Bowman’s
were the same at the start of the experiment, but by 10capsule (adhesions). Each glomerulus was scored semi-
weeks, pair-fed obese rats were 38% lighter (Fig. 1). Atquantitatively on a scale of 0 to 4 for each variable,
31 weeks, the weights of PF.AL- and AL-obese groupsdepending on the percentage of the glomerulus involved.
did not differ. Differences in food intake reached a maxi-A final score was obtained by multiplying the degree of
mum at seven weeks, when pair-fed obese rats ate 45%injury by the percentage of glomeruli with that degree
less than food per day than AL-obese. By 21 weeks, theand adding the scores. The maximum score obtainable
restriction was only 26%. The average restriction for thefor each rat was thus 400. FGS was scored positive when
pair-fed obese rats over the period from 5 to 21 weeksMME, adhesion formation, and capillary obliteration
was 31%. When unlimited food became available towere present in the same segment of the glomerulus.
PF.AL-obese rats at 21 weeks, there was no overcompen-Histochemical detection of neutral lipid with Oil Red O
sation in their food intake (Fig. 2). Indeed, food intake inwas performed on frozen tissue slices using the methods
PF.AL-obese rats did not even increase until five weekspreviously described [18]. The method of Raij et al was
later, at which time it rose only to a level equal to that ofused to score Oil Red O staining [17].
AL-obese rats. After 47 weeks, the average food intake
Statistical analysis dropped for the AL-obese group because of morbidity.
Data were analyzed using Sigma Stat 2.0, a commercial
Urinary albumin excretionstatistics program (Jandel, San Rafael CA, USA). Data
Urinary albumin excretion in AL-obese rats exceededwere first analyzed for normality. Plasma triglyceride and
the normal range of less than 1 mg/day [19] at the earliestcholesterol, renal albumin clearance, and UAE required
measurement, 10 weeks of age. In contrast, UAE re-log transformation to achieve normality. Data were then
mained normal in PF.AL-obese rats as long as food wasanalyzed for differences using the unpaired t-test when
restricted (Fig. 3). No AL-lean rats exceeded 1 mg/dayonly ad libitum-fed and pair fed obese rats were com-
UAE, and at 20 weeks, they were indistinguishable frompared. When AL-lean and the two obese groups were
the pair-fed obese rats (Fig. 4). The three highest andcompared, Kruskal–Wallis one-way analysis of variance
earliest individual maximums were from the AL-obeseon ranks was used because variances were unequal. This
was followed by post hoc analysis with Dunn’s test for group.
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Fig. 3. Average 24-hour urinary albumin excretion (UAE) for ad libitum- Fig. 5. Average fasting plasma triglycerides for ad libitum-fed obese
fed obese (d; AL-obese) and obese pair-fed to lean up to 21 weeks of (d; AL-obese) and obese pair-fed to lean up to 21 weeks of age and
age and then ad libitum-fed to 57 weeks (e; PF.AL-obese) female then ad libitum-fed to 57 weeks (e; PF.AL-obese) female Zucker rats.
Zucker rats. Data are mean 6 se. *P , 0.05 for AL vs. PF-/PF.AL- Data are mean 6 se. *P , 0.05 for AL vs. PF-/PF.AL-obese.
obese.
Fig. 6. Range, and 25th, 50th, and 75th percentiles of fasting plasma
Fig. 4. Range, and 25th, 50th, and 75th percentiles of 24-hour urinary triglycerides in ad libitum-fed obese (AL-obese, N 5 15) and obese
albumin excretion in ad libitum-fed obese (AL-obese, N 5 15) and obese pair-fed to lean up to 21 weeks of age and then ad libitum-fed to 57
pair-fed compared to lean up to 21 weeks of age and then ad libitum- weeks (PF.AL-obese, N 5 15), ad libitum-fed lean (AL-lean, N 5 7)
fed to 57 weeks (PF.AL-obese, N 5 15), ad libitum-fed lean (AL- female Zucker rats. Groups with different letters differ significantly (P ,
lean, N 5 7) female Zucker rats. Groups with different letters differ 0.05). Data are mean 6 se.
significantly (P , 0.05). Data are mean 6 se.
remained stable throughout, near the overall average of
Plasma triglycerides and cholesterol 168 6 12 mg/dl (Fig. 7). Looking at all time points up
to 55 weeks of age, four AL-obese rats exceeded 400At 20 weeks, plasma triglycerides in the pair-fed obese
rats did not differ from those of the AL-lean rats, mg/dl, one of which exceeded 1200 mg/dl. In contrast,
only one PF.AL-obese rat exceeded 400 mg/dl. At 20whereas that in AL-obese rats was much higher (Fig. 5).
Over the course of the study, plasma triglycerides be- weeks, cholesterol in pair-fed obese rats was lower than
in AL-obese but higher than in AL-lean (Fig. 8). The fourcame extremely high in AL-obese rats: four of five ex-
ceeded 5000 mg/dl, with one reaching 11,200 mg/dl. Pair highest maximum individual triglyceride and cholesterol
levels were in the AL-obese group.feeding prevented this rise in triglycerides, whereas tri-
glycerides in PF.AL-obese rats rose following the termi-
Plasma albuminnation of food restriction at 21 weeks (Fig. 6). Differ-
ences in plasma cholesterol between AL-obese and At 29 weeks, AL-obese plasma albumin was signifi-
cantly lower than that in PF.AL-obese rats (22.2 6 3.5PF.AL-obese rats became significant only after 25 weeks.
Although the average cholesterol rose in AL-obese rats vs. 37.2 6 1.8 mg/ml, P , 0.01; Fig. 9). Renal albumin
clearance was significantly higher in AL-obese rats (Fig. 9).to a maximum of 640 6 185 mg/dl, that in PF.AL-obese
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Fig. 9. Individual values for plasma albumin and renal albumin clear-
ance values at 29 weeks of age in ad libitum-fed obese (d; AL-obese),
and obese pair-fed to lean up to 21 weeks of age and then ad libitum-
fed to 57 weeks (e; PF.AL-obese) female Zucker rats.
Fig. 7. Average fasting cholesterol for ad libitum-fed obese (d; AL-
obese), and obese pair-fed to lean up to 21 weeks of age and then ad
libitum-fed to 57 weeks (e; PF.AL-obese) female Zucker rats. Data
are mean 6 se. *P , 0.05 for AL vs. PF-/PF.AL-obese.
Table 1. Fasting plasma insulin (pmol/liter) in female Zucker rats
15 weeks 20 weeks 25 weeks
AL-obese 10306180 (9) 860 690a (10) 1550 6310 (5)
PF.AL-obese 1010690 (10) 1198 690b (10) 7706170 (5)
AL-obese: ad libitum-fed obese rats; PF.AL-obese, obese pair-fed to lean up
to 21 weeks of age and then ad libitum-fed to 57 weeks. Values at the same time
point with different superscripts differ significantly (P , 0.05). Numbers in
parentheses denote number of animals.
lar deposition of neutral lipids in AL-obese but not
PF.AL-obese and AL-lean rats (Table 2 and Fig. 10).
Interstitial fibrosis was present in AL-obese rats only.
In both AL-obese and PF.AL-obese rats, but not AL-
lean rats, thickening of the arterial media and sporadic
intimal thickening was observed.Fig. 8. Range, and 25th, 50th, and 75th percentiles of fasting plasma
cholesterol in ad libitum-fed obese (AL-obese, N 5 15) and obese
pair-fed to lean up to 21 weeks of age and then ad libitum-fed to 57
DISCUSSIONweeks (PF.AL-obese, N 5 15), ad libitum-fed lean (AL-lean, N 5 7)
female Zucker rats. Groups with different letters differ significantly (P , The most remarkable finding in this study is that pair0.05). Data are mean 6 se.
feeding completely prevented glomerular damage. We
knew from previous work that pair feeding decreased
deaths attributed to end-stage renal disease in the obese
Insulin Zucker rats [7]. Other studies with the female obese
Zucker rats showed that food restriction from 11 to 40At all time points measured, all obese rats were hyper-
or 50 weeks of age decreased the severity of glomerulo-insulinemic. At 15 and 25 weeks of age, AL-obese and
sclerosis [20], and intermittent carbohydrate restrictionPF.AL-obese insulin levels were not different (Table 1).
from 6 to 30 or 33 weeks of age was found to decreaseAt 20 weeks, PF.AL-obese insulin values were actually
UAE but not MME [21]. Our data show that pair feedinghigher than those in AL-obese.
to 21 weeks was more effective than either. Histological
Histology and Oil Red O scores were zero or nearly zero, and
UAE was in the normal range for all PF.AL-obese ratsAt 21 weeks, AL-obese rats showed strong evidence
at 21 weeks of age in this study. Thus, glomeruli fromof glomerular pathology, whereas PF.AL-obese and AL-
PF.AL-obese rats at this age were comparable to thoselean showed none. Al-obese rats had marked MME,
of AL-lean rats.and this, as well as FGS, and adhesions of the visceral
In this study, the dramatic effects of pair feeding wereepithelium to Bowman’s capsule were higher than in
illustrated at two time points in particular. First, the AL-PF.AL-obese or AL-lean rats (Table 2 and Fig. 10). In
addition, Oil red O staining showed very strong glomeru- obese group had a median UAE of 15 mg/24 hr at 10
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Table 2. Renal histopathology and histochemistry in female Zucker rats at 21 weeks of age
MME FGS Adhesions ORO
N Median Range Median Range Median Range Median Range
AL-obese 10 68a 20–228 12a 0–156 14a 0–168 172a 0–395
PF.AL-obese 9 4b 0–16 0b 0–4 0b 0–4 0b 0
AL-lean 8 0b 0–4 0b 0 0b 0–4 0b 0
Abbreviations are: AL-obese, ad libitum-fed obese female Zucker rats; PF.AL-obese, female Zucker rats pair-fed to leans; AL-lean, ad libitum-fed lean female
Zucker rats; MME, mesangial matrix expansion; FGS, focal and segmental glomerulosclerosis; Adhesions, adhesions of glomerular epithelium to Bowman’s capsule;
Oil Red O, Oil Red O staining for neutral lipid. All were scored on a scale of 0 to 400; values with different superscripts differ significantly (P , 0.05).
weeks, whereas the pair-fed rats all had a normal UAE a pathological response to hyperinsulinemia. The insulin-
enhancing drug rosiglitazone was found to protectof less than 1. Thus, only four weeks of hyperphagia
led to glomerular damage. Second, although the PF.AL- against nephropathy in obese male Zucker rats, although
plasma lipids were reduced as well as insulin, and theobese group was allowed to eat ad libitum after 21 weeks,
the average food intake did not increase until 27 weeks; mechanism of action was unclear [28]. Here, fasting
plasma insulin was not lower in pair-fed groups at anythe median UAE at 25 and 29 weeks was 1.8 and 93 mg/
24 hr. Clearly, hyperphagia led to glomerular injury after point. Thus, we found no evidence that insulin could
have contributed to endothelial dysfunction in this model.only a few weeks, even when it was delayed until the
rats were half a year old. Thus, it appears that the early We have previously reported that estrogen exacer-
bates hypertriglyceridemia and accelerates renal dam-phase of hyperphagia is not critical for glomerular dam-
age to occur. age, whereas ovariectomy attenuates both [14]. Ovariec-
tomized rats ate the most, and estrogen-treated rats ateWe also suspected that reductions in plasma lipids
were responsible for the renal-protective effects of pair the least, apparently disconnecting hyperphagia from re-
nal injury. Food restriction can delay puberty in thefeeding. In agreement, plasma triglycerides became ele-
vated prior to or at the same time as UAE became female rat by suppressing leutinizing hormone pulse am-
plitude [29]. This would, in turn, decrease estrogen levels.abnormal at both time points mentioned earlier in this
article, and the correlation between plasma triglyceride However, this effect has not been demonstrated in the
female obese Zucker rat, which has delayed puberty andlevels at 10 weeks and MME scores at 21 weeks ap-
proached significance for the AL-obese rats. Plasma cho- is infertile [30]. A more likely explanation is that both
treatments that reduced glomerular damage also reducedlesterol levels followed a different pattern. In PF.AL-
obese rats, the average plasma cholesterol remained stable plasma triglycerides. Ovariectomy did not lower the tri-
glyceride level quite to that of leans nor did it quite keepthroughout the study. In AL-obese rats, however, levels
became very high, peaking at 29 weeks, a time when UAE in the normal range at 21 weeks, but pair-feeding
did. Although proteinuria in AL-obese rats at 21 weeksUAE was at a maximum and plasma albumin was reduced.
This sequence of events suggests that the nephrotic syn- of age was already too severe to distinguish between
initiation and progression, the massive lipid depositiondrome was the cause, rather than the consequence, of
hypercholesterolemia [22]. It is likely that triglycerides is consistent with lipid/lipoprotein-induced injury.
The obese Zucker rat is a valuable model for the studyincreased first because of hyperphagia, whereas the more
severe increase later in AL-obese rats was, like hyper- of kidney disease because glomerulosclerosis occurs
spontaneously and is not present in lean littermates.cholesterolemia, a result of the nephrotic syndrome.
High-protein diets have been shown to accelerate glo- However, the number of physiological abnormalities
caused by the fatty mutation and the confounding inter-merulosclerosis in models of reduced renal mass, and
they have long been known to exacerbate existing ne- dependencies between them have impeded the isolation
and identification of the factor(s) initiating glomerularphropathy [23]. We do not believe that the effects of
pair feeding are due to reduced protein intake, however, damage. We believe that the pair-feeding design, which
we demonstrate to completely prevent renal damage inbecause both groups had the same moderate (20%) pro-
tein content in their diets, and the source was soy, not female obese Zucker rats up to 21 weeks of age, signifi-
cantly narrows the field of possibilities. Pair feeding ofthe casein typically used in high-protein studies. Our
soy-based diet was chosen specifically because it reduced obese Zucker rats corrects only some of the pathology.
For example, the percentage of body fat, insulin, andnephropathy and extended the lifespan in rats relative
to casein-based diets [13]. adipose lipoprotein lipase activity in the obese Zucker
rats is unchanged by pair feeding [31]. Thus, the physio-Another effect of food restriction can be normaliza-
tion of hyperinsulinemia [24]. The vascular endothelium logical disparity between experimental and control
groups introduced by pair feeding is minimized and likely[25, 26], and particularly rat mesangial cells, may have
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Fig. 10. Representative glomeruli from (A and B) in ad libitum-fed obese (AL-obese; C) pair-fed obese (PF-obese), (D) ad libitum–fed lean
(AL-lean) Zucker rats. Oil Red O staining on representative glomeruli from (E) pair-fed obese (PF-obese) and (F) ad libitum-fed obese (AL-
obese) female Zucker rats at 21 weeks of age.
smaller than that caused by surgical or pharmacological are predicted by the presence of microalbuminuria [32].
Obesity, even without diabetes or hypertension, is associ-interventions such as nephrectomy, angiotensin-con-
verting enzyme inhibition, streptozotocin-induced diabe- ated with an increased incidence of microalbuminuria
[33, 34]. Because the incidence of obesity in the popula-tes, puromycin aminonucleoside- or adriamycin-induced
nephrotic syndrome, and high-cholesterol diets. tion is high and increasing, it is important to understand
the mechanism by which microalbuminuria is initiatedIn humans with diabetes, nephrotic range proteinuria,
chronic renal failure, and higher cardiovascular mortality so that excess mortality and morbidity in this expanding
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13. Iwasaki K, Gleiser CA, Masoro EJ, McMahan CA, Seo EJ, Yupatient population can be minimized. Furthermore, nor-
BP: The influence of dietary protein source on longevity and age-
motensive, nondiabetic humans with microalbuminuria related disease processes of Fisher rats. J Gerontol Biol Sci 43:B5–
B12, 1988have higher triglycerides [35], and hyperlipidemia is an
14. Gades MD, Stern JS, van Goor H, Nguyen D, Johnson PR,independent risk factor for the development of albumin-
Kaysen GA: Estrogen accelerates the development of renal disease
uria in patients with diabetes [36, 37]. Thus, the close in female obese Zucker rats. Kidney Int 53:130–135, 1998
15. Kaysen GA, Watson JB: Mechanism of hypoalbuminemia in therelationship between hyperlipidemia and glomerular
7/8-nephrectomized rat with chronic renal failure. Am J Physioldamage found here appears to hold for humans as well.
243:F372–F378, 1982
Also, as with the rats in this study, food restriction in 16. Van Goor H, Fidler J, Weening JJ, Grond J: Determinants of
focal and segmental glomerulosclerosis in the rat after renal abla-patients with NIDDM can reduce proteinuria [38]. For
tion: Evidence for involvement of macrophages and lipids. Labthese reasons, we feel that the obese Zucker rat is partic-
Invest 64:754–765, 1991
ularly well suited for the investigation of the mechanism 17. Raij L, Azar S, Keane WF: Mesangial immune injury, hyperten-
sion, and progressive glomerular damage in Dahl rats. Kidney Intof initiation and progression of albuminuria in obesity
26:137–143, 1984or “syndrome X,” particularly with respect to the role
18. Van Goor H, van der Horst MLC, Atmosoerodjo J, Joles JA,
of hyperlipidemia, and that such investigations are of van Tol A, Grond J: Renal apolipoproteins in nephrotic rats. Am
J Pathol 142:1804–1812, 1993significant relevance to public health.
19. Kaysen GA, Jones H Jr, Martin V, Hutchison FN: A low protein
diet restricts albumin synthesis in nephrotic rats. J Clin Invest
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